Linking neural circuitry to behavior by mapping active neurons in vivo is a challenge. Both
Scientific Lot# UC2742481) and 6 mL PBT. Note: Drosophila melanogaster was used for all experiments described and culture 1 5 3 conditions were used as described below. One notable exception to standard fly manipulation 1 5 4
was the use of ice to anesthetize adults, instead of the usual humidified carbon dioxide. This experiments. Exposure to CO 2 could activate olfactory as well as acid sensing neurons while 1 5 7 also possibly triggering a stress response (Suh et al., 2004; Ai et al., 2010) . (1) Drosophila cultures were reared on standard cornmeal-molasses media in plastic bottles (2) Genetic crosses were necessary in order to achieve some genotypes of interest, for 1 6 2 example where CaMPARI was being expressed in specific regions of the brain or when collected for photoconversion 14-18 days after the initial cross was started.
1 7 1
• Virgin UAS-CaMPARI flies were crossed to Ir64a-GAL4 flies at 4 dpe and progeny 1 7 2 collected at 1-2 dpe and isolated in groups of 5 females and 3 males at 25°C. • Pan-neuronal expressing CaMPARI flies were collected at 1-2 dpe and isolated in 1 7 4 groups of 5 females and 3 males at 25°C. Since this genotype was maintained as a 1 7 5 stable stock it was not necessary to perform a genetic cross. • In order to produce adult flies expressing CaMPARI and Ir64a-RNAi in nSyb- progeny collected at 1-2 dpe and isolated in groups of 5 females and 3 males at 25°C. The setup can be adjusted to suit the needs of the investigator/experiment. In Figure 1 , we The PulsePal can be programmed to control the on/off cycle of the LEDs. The PulsePal has 1 9 1 four "output channels" that can be programmed separately and triggered simultaneously by 1 9 2 linking them to the same trigger channel. (1) Prepare the Petri dishes that will contain the flies during photoconversion. Trim ashless 1 9 5 filter paper by trimming to the size of the Petri dish. Moisten the filter paper by pipetting 1 9 6 directly onto the paper 150 µL PBS or other solutions to be used as stimuli. Drops should 1 9 7 be evenly distributed so that the entire filter paper is moistened. The paper should be paper. PBS can be substituted with solutions to be used as stimuli. Here, as experimental 2 0 0 conditions we used 5% acetic acid and apple cider vinegar solutions in place of PBS. Note: Certain anesthetizing steps may induce neural activation, as described above. (3) Calibrate LED power by adjusting the dial of the current controller using a power meter. In this study, we used 75 mW/cm 2 ± 0.5 mW/cm 2 power. Note: LED power may need to be adjusted for deeper brain regions or neurons with less 2 1 0 frequent firing rates. (4) Setup pulse generator (Figure 1) . The Pulse Pal was programmed to deliver monophasic 2 1 2 pulses of 5 V every 500 ms with a phase interval of 200 ms on a continuous cycle until 2 1 3 manually aborted. any pulse generator can be used that is compatible with the LEDs. (5) From the anesthetized fly vials that were placed on ice, dispense 5 female and 3 male 2 1 7 adult (4-6 dpe) into each dish prepared in Step 1 and place lids on each dish. step. This ensures they have fully recovered from anesthesia. (7) Prepare fixation reagents (4% formaldehyde in PBT) and dispense in 800 µL aliquots in
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(10) Red:green ratios were normalized to the ratios of images from flies exposed to pH=7 2 7 1 solutions by grouping flies that were photoconverted simultaneously.
7 2
Critical step: It is important to only compare images that were taken on the same day to 2 7 3 avoid batch effects. Microscope laser power can vary day-to-day and affect the 2 7 4 quantification of the images. All data are presented as means ± SEM. Comparisons between two groups were performed using 2 7 7 a Mann-Whitney U test in Graphpad Prism 8.3.0. We first demonstrated that we could get specific photoconversion in acid-sensing neurons expressing CaMPARI to 5% acetic acid (AA) (pH=2). Previously it was shown that Ir64a-2 8 4
expressing neurons of the DC4 glomerulus (Figure 2A) are specifically activated by acids (Ai et 2 8 5
al., 2010). Adult intact freely-moving flies were exposed to 5% AA pH=2 for 30 minutes while 2 8 6 also being exposed to photoconvertible light (405 nm; 500 ms on, 200 ms off). This resulted in a To confirm this photoconverted region was specific to the acid-sensing neurons of the DC4 2 9 0 glomerulus, we limited expression of CaMPARI to the DC4 glomerulus by driving expression of 2 9 1
CaMPARI with an Ir64a GAL4 driver (Figure 2C-F) . Intact, freely-moving adult flies were 2 9 2 exposed to 5% AA (pH=2) or neutralized 5% AA (pH=7) for 30 minutes while simultaneously 2 9 3 exposed to photoconvertible light. Average intensity projection (AIP) images of the full fly brain are shown for 5% AA (pH=2) (Figure 2C ) and 5% AA (pH=7) (Figure 2D) . As shown in the 2 9 5 green channel, expression of CaMPARI is limited to the DC4 glomerulus. The signal of 2 9 6
photocnverted CaMPARI is present for 5% AA (pH=2), but not when the acetic acid has been 2 9 7 neutralized. Maximum intensity projection (MIP) of a single antennal lobe, as designated by the 2 9 8 white dotted box in Figure 2C and 2D, are shown for both 5% AA (pH=2) (Figure 2E ) and 2 9 9
neutralized AA (pH=7) (Figure 2F) . These results confirm that photoconversion of CaMPARI in 3 0 0 intact, freely-moving adult flies exposed to acetic acid is specific to the DC4 glomerulus. One of the major benefits to using CaMPARI as a tool for tracing active neurons is its use as a of CaMPARI intensity in the red channel to the CaMPARI intensity in the green channel. We intact adult flies expressing CaMPARI in Ir64a-expressing neurons exposed to 5% acetic acid 3 0 7
(AA) (pH=2) (Figure 2C) or neutralized 5% AA (pH=7) (Figure 2D) . Five sets of 3-5 flies were 3 0 8 exposed to acetic acid or neutralized acetic acid for 30 minutes while simultaneously exposed to glomeruli in the green channel as shown in Figure 2C-D ("DC4") . These ROIs were saved to the 3 1 6
ROI Manager in Fiji then each ROI was copied and moved to a region outside the fly brain to 3 1 7 collect a background measurement ("bgrd") for the green channel. All four of these ROIs were 3 1 8 then copied to the red channel. The ratio was then calculated as the "DC4" intensity of the red 3 1 9
channel minus red channel "bgrd" intensity divided by the "DC4" intensity of the green channel 3 2 0 minus the green channel "bgrd" intensity. This resulted in two ratios for each fly brain, one for 3 2 1 the right "DC4" glomeruli and a second for the left. Because these ratios were always 3 2 2 comparable they were averaged to give a single datum point for each fly brain (Figure S1) . Each 3 2 3 ratio was then normalized to the average ratio of flies exposed to 5% AA (pH=7) for each set that was photoconverted and imaged on the same day to minimize batch effects. We found that flies 3 2 5
with exposure to 5% AA (pH=2) (n=19 individual flies) had 1.6-fold photoconversion compared 3 2 6 to flies exposed to 5% AA (pH=7) (n=21 individual flies) in the DC4 glomerulus (Figure 2G) .
2 7
To confirm measurements taken from AIP images accurately reflect each slice of the ROI, ROIs were drawn for every slice and averaged together. These ratios were not appreciably different 3 2 9
from the ones measured from AIP images (Figure S2) , thus we continued to use only AIP 3 3 0 images to quantify photoconversion. These results confirm we can use AIP images to quantify the photoconversion ratio of a ROI in 3 3 2 the fly brain when CaMPARI is photoconverted in the freely-moving intact adult fly. While it is useful to limit the expression of CaMPARI to subsets of neurons to obtain 3 3 6 photoconversion ratios, for behaviors that recruit multiple regions of interest it may be more 3 3 7 useful to quantify CaMPARI when it is expressed pan-neuronally. We wanted to confirm that 3 3 8 ratios calculated from AIP images of pan-neuronally expressed CaMPARI would be comparable 3 3 9
to the ratios we calculated when CaMPARI expression was limited to Ir64a-expressing neurons.
4 0
Five sets of 3-5 flies expressing CaMPARI driven by a synaptobrevin (nSyb) GAL4 driver were 3 4 1 exposed to 5% acetic acid or neutralized 5% acetic acid for 30 minutes while simultaneously 3 4 2 exposed to photoconvertible light (405 nm; 500 ms on, 200 ms off) and their brains dissected and AA (pH=7) (Figure 3B ). An arrow indicates the expected photoconversion in the DC4 3 4 6
glomerulus when the flies are exposed to 5% AA (pH=2). Ratios were calculated from AIP 3 4 7 images as described above. We found freely-moving intact adult flies with pan-neuronally 3 4 8 expressed CaMPARI exposed to 5% AA (pH=2) (n=20 individual flies) had 1.6-fold 3 4 9 photoconversion compared to flies exposed to 5% AA (pH=7) (n=20 individual flies) in the DC4 3 5 0 glomerulus (Figure 3C) , the same fold photoconversion as demonstrated in flies expressing 3 5 1
